A new lignan glucoside was isolated from defatted sesame seed flour and its structure was established as sesamolinol diglucoside [2-(3-methoxy-4-(O--D-glucopyranosyl (1!6)-O--D-glucopyranoside)phenoxyl)-6-(3,4-methylenedioxyphenyl)-cis-3,7-dioxabicyclo-(3.3.0)-octane] by mass and nuclear magnetic resonance spectroscopy. A quantitative analysis of 65 sesame seed samples showed that this sesamolinol diglucoside ranged from <5 to 232 mg/100 g of seeds (98 AE 57 mg/100 g) with no difference between white and black sesame seeds.
Lignans function as defensive chemicals in plants, protecting them from attack by insects, microorganisms and other plants. 1) In addition, lignans have been intensively investigated for their beneficial health effects. 1) In this context, sesame seed (Sesamum indicum L.) lignans have attracted considerable attention because of their interesting physiological activities.
2) Sesame seeds contain two major oil-soluble lignans, sesamin and sesamolin, 3) as well as lignan glucosides, mainly sesaminol di-and tri-glucosides, 4, 5) and pinoresinol mono-, di-and triglucosides, 6) concentrated in defatted sesame flour (DSF). It has been shown that sesamin can reduce the absorption and biosynthesis of cholesterol, resulting in reduced levels in the plasma and liver of rats, 7) and in the plasma of humans. 8, 9) Sesamin also elevates -tocopherol in the plasma and liver of rats, 10) and inhibits Á5-desaturase, a key enzyme in arachidonic acid biosynthesis, 11) causing a reduction in the formation of pro-inflammatory mediators. 12) Moreover, sesaminol glucosides in DSF have been shown to decrease the susceptibility to oxidative stress. 13) We have already analyzed sesaminol glucosides as the major lignan glucosides in DSF of 65 sesame seed samples. 5) This study deals with the isolation and characterization of sesamolinol diglucoside, a novel lignan glucoside in DSF, and its quantification in the same sesame seeds.
Materials and Methods
Chemicals and reagents. Sodium dihydrogen phosphate monohydrate, HPLC grade acetonitrile, methanol and chloroform were purchased from Merck (Darmstadt, Germany). Absolute ethanol was from Kemetyl (Haninge, Sweden). Naringenin (4 0 ,5,7-trihydroxyflavanone), which was used as an internal standard, was purchased from Aldrich (Milwaukee, WI, USA). Solidphase cartridges containing 1 g of C18 were from Varian (Harbor City, CA, USA) and solid-phase cartridges containing 500 mg of silica were obtained from International Sorbent Technology (Glamorgan, UK). All other solvents and reagents used in this study were of analytical grade and were used without further purification.
Sesame seeds. Sixty-five different sesame seed samples were bred, grown and harvested at the Sesaco Corporation nurseries in Texas, USA. The analyzed sesame seeds were of white (n ¼ 47), black (n ¼ 11) or brown and yellow colors (n ¼ 7). Seeds from semishattering (n ¼ 8) and non-dehiscent (n ¼ 28) plants were harvested when the plants were dry, and those from the dehiscent types (n ¼ 29) were harvested when half of the plant was dry. The plants were hand-selected, hand cut, put through a plot thresher, and carefully cleaned to remove all foreign materials.
Isolation and characterization of sesamolinol diglucoside. Sesame seeds (ca. 20 g) were ground and defatted with n-hexane to obtain defatted sesame flour (DSF, ca. 10 g), which was extracted with 100 ml of 80% ethanol for 24 hours to obtain a crude extract containing sesamolinol diglucoside. Part of this extract (0.1 g) was dissolved in 500 ml of chloroform/methanol (4:1, v/v), applied to a solid-phase extraction cartridge containing 500 mg of silica and washed with 5 ml of chloroform/methanol (4:1, v/v). The collected fraction was dried and dissolved in 0.5 ml of 80% ethanol prior to the separation and collection of sesamolinol diglucoside by analytical HPLC as explained later.
The structure of the compound was identified by nuclear magnetic resonance spectroscopy, incorporating 1 H-NMR, COSY, TOCSY, HMBC, HSQC, and NOESY. The NMR experiments were performed with Bruker DRX 600 instrument (Karlsruhe, Germany). Measurements were taken at frequencies of 600 ( 1 H) and 150 ( 13 C) MHz in 50 ml of CD 3 OD (D, 99.8%), using a 2 mm capillary in a microprobe head at 30 C. 1 H and 13 C chemical shifts were referenced to the methyl group signals from residual methanol; 1 H ( 3.31) and 13 C ( 49.0). A sequence with presaturation of the water peak was used for 1 H-NMR. The mixing times for the different NMR techniques were as follow: TOCSY (60 ms), HMBC (65 ms), and NOESY (300 ms).
An LC-MS instrument (Agilent, 1100 series; Alpharetta, GA, USA) equipped with electrospray ionization (ESI) and a Genesis C18 column (4:6 Â 150 mm, 4 mm particle size; Jones Chromatography, Gengoed, UK) was used to obtain the molecular ion of the isolated sesamolinol diglucoside. The eluents used were (A) 10 mM acetic acid (pH 3) and (B) acetonitrile. The elution conditions were 0-5 min (20% B) and 30-50 min (70% B) and a flow rate of 0.4 ml/min. At the interface, the drying gas was set to 9 l/min, the nebulizer pressure was 30 psi, the drying gas temperature was 350 C and the scanning range was 300-1000 m=z.
High-performance liquid chromatography analysis of sesamolinol diglucoside. In order to obtain DSF for analytical purposes, sesame seeds were defatted by vigorous shaking triplicate samples (each containing 5 g of the seeds) in stainless-steel tubes with four steel balls and 30 ml of hexane/isopropanol (3:1, v/v) for 1 hour as described elsewhere.
14) The dried DSF samples were weighed (0.5 g) in glass tubes (35 ml) in triplicate and extracted for 5 hours with 8.25 ml of 85% ethanol containing 100 mg/ml of naringenin as an internal standard. This extraction was continued overnight after adjusting the ethanol concentration to 70% by adding 1.75 ml of distilled water to the extraction tubes as has been explained before.
5) Thereafter, the tubes were centrifuged for 10 min at 2000 rpm, and the supernatants were filtered (0.45 mm PTFE membrane; Pall Acrodisc, Ann Arbor, MI, USA).
Sample analysis and sesamolinol diglucoside collection (ca. 500 mg) were performed by analytical HPLC (Dionex, Sunnyvale, CD, USA) equipped with a diode array detector (PDA-100), which also provided the spectrum of the peaks, and an Econosil ODS column (5 mm, 250 Â 4:6 mm; Alltech Co., Waukegan Road, Deerfield, IL, USA). The eluents used were (A) a 0.01 M phosphate buffer (pH 2.8) containing 5% acetonitrile and (B) acetonitrile. The retention time and UV spectrum of sesamolinol diglucoside are shown in Fig. 1 . The elution conditions were 0-5 min (15% B), 30 min (30% B), and 40-50 min (70% B) at a flow rate of 1.0 ml/min. The quantity of sesamolinol diglucoside was calculated from the peak area at 290 nm against the internal standard (naringenin). The response factor for sesamolinol relative to naringenin was assumed to be similar to that of sesaminol (0.345), 5) considering their similar molar extinction coefficients as reported by Osawa et al. 15) and Katsuzaki et al.
4)
Statistical analysis. The analysis of variance was performed with MINITAB 14 software, and significant differences between sample means were determined with Tukey's test.
Results and Discussion
Structural characterization of sesamolinol diglucoside . HMBC also confirmed the coupling between H-6 ( 4.46) and C-6 00 ( 120.3) and C-2 00 ( 107.2). 1 H-NMR showed meta-coupling between H-6 00 and H-2
00
(J ¼ 1:7 Hz) and ortho-coupling between H-6 00 and H-5
(J ¼ 8:1 Hz). The position of C-4 00 ( 148.7) was assigned from the coupling with H-2 00 ( 6.9), and the position of C-3 00 ( 149.5) was assigned from the coupling with H-5 00 ( 6.79) by HMBC. The aromatic carbons were assigned from the coupling to the corresponding hydrogen by HSQC. The position of the methoxyl group of the aromatic ring was confirmed from a cross peak between its methoxy protons ( 3.84) and C-3 0 ( 151.8). Glycosilation at C-4 0 ( 142.9) was shown by a cross peak with the anomeric proton (G1, 4.81) by HMBC. The NOESY spectrum indicated a cross peak between this anomeric proton (G1, 4.81) and H-5 0 ( 7.12), confirming the position of glycosilation on C-4
0 . An up-field shift in position C-4 0 ( 142.9) in comparison with position C-4 00 ( 148.7) indicated the presence of two oxygen atoms in a para position around the benzene ring. Moreover, there were down-field shifts in C-2 ( 108.3) and C-1 0 ( 154.8) in comparison with C-6 ( 88.5) and C-1 00 ( 136.0). These results confirmed the presence of oxygen between the furofuran and benzene rings.
HMBC showed a cross peak between the anomeric proton (G1 0 , 4.37) and C-G6 ( 69.3), indicating a 1!6 bond between the sugars. Moreover, the NOESY spectrum indicated a cross peak between the anomeric proton (G1 0 , 4.37) and G6b ( 4.13), confirming this 1!6 bond between the sugars. This (1!6) sugar configuration is similar to that reported for sesaminol diglucoside by Moazzami et al.
5) The coupling constant for anomeric protons G1 ( 4.81, J ¼ 7:7 Hz) and G1 0 ( 4.37, J ¼ 7:7 Hz) confirmed the -configuration of these protons. An LC-MS analysis showed major ions in the positive mode (½M þ Na þ ¼ 719:2) and negative mode (½M þ CH 3 COO À ¼ 755:3), confirming the molecular weight of sesaminol diglucoside.
Variation of sesamolinol diglucoside contents in defatted sesame flour
The method described was used for the quantification of sesamolinol diglucoside for the first time in 65 different sesame seed samples. Sesamolinol diglucoside ranged from <5 to 232 mg/100 g of seeds (98 AE 57 mg/ 100 g) (Fig. 3) . This data indicates sesamolinol diglucoside to be the second major lignan glucoside after sesaminol triglucoside 5) in DSF. The analysis of variance indicated no difference between the sesamolinol diglucoside content of black (98 AE 72 mg/100 g) and white sesame seeds (102 AE 52 mg/100 g), as has been found for sesaminol glucosides. 5) Sesamolinol diglucoside, the novel lignan glucoside characterized and quantified in this study, might be an important intermediate in the biosynthesis of sesame seed lignans. 16) 
